INTRODUCTION
============

Intracranial atherosclerosis (ICAS) is reportedly more frequent in Asians, blacks, and Hispanics than in whites,[@B1]-[@B8] and increases the risk of subsequent vascular events, such as cerebral ischemic stroke, transient ischemic attack, and death from vascular causes.[@B9]-[@B13] ICAS reportedly causes 33% of ischemic strokes in Chinese patients, but is responsible for only 8% of ischemic strokes in whites.[@B6],[@B8] These racial or ethnic differences in cerebral atherosclerotic distribution are partially explained by the differences in vascular risk factors between these ethnic groups.[@B3],[@B6] Diabetes, age, sex, blood lipid levels, hypertension, and smoking have been proposed as risk factors for ICAS.[@B1]-[@B6],[@B14]-[@B16] However, most of the studies on the association between vascular risk factors and ICAS were performed in symptomatic patients,[@B1]-[@B4],[@B6],[@B14]-[@B16] and studies in asymptomatic subjects are rare.

Although there has been recent remarkable progress in the treatment of acute ischemic stroke, the importance of developing a better strategy for stroke prevention cannot be overestimated. The knowledge of asymptomatic vascular stenosis can offer patients an opportunity to prevent subsequent vascular events.

The purpose of this study was to elucidate the prevalence and associated vascular risk factors of ICAS in asymptomatic subjects.

SUBJECTS AND METHODS
====================

Between January 1996 and July 2001, 900 Korean adults (690 men and 210 women) who consecutively visited our hospital for a health screening examination were initially included in the study. A brain health-screening program was started in the mid-1990s to detect disease before the onset of symptoms. Under this program, anyone is able to request the screening at his or her own expense.

Sixty-five subjects were excluded from the analysis due to one of the following criteria: (1) the presence of previous cerebrovascular stroke (n=42), (2) the presence of atrial fibrillation (n=6), and (3) subjects in whom magnetic resonance angiography (MRA) was not performed (n=17). Therefore, 835 Koreans were analyzed.

Brain MRA was performed with a 1.5-T magnetic resonance imaging (MRI) unit (Signa Horizon Echospeed, General Electric Medical Systems). MRA consisted of a protocol of three-dimensional time-of-flight sequences. ICAS was defined as a reduction in luminal diameter of at least 50% using the method described in the Warfarin-Aspirin for Symptomatic Intracranial Disease Study.[@B17] Extracranial atherosclerosis in the carotid artery was evaluated at the bifurcation level and was diagnosed if the reduction in luminal diameter was at least 50% as measured by the North American Symptomatic Carotid Endarterectomy Trial method.[@B18] The extracranial vertebral artery was not included in the data analysis since a normal variant of congenital hypoplasia cannot be clearly differentiated from acquired stenosis by MRA.

Each subject completed a questionnaire that consisted of their demographics, smoking habits, and medical history that included hypertension, diabetes mellitus, ischemic heart disease, and family history of cerebrovascular disease (CVD). Each participant had an interview with a board-certified stroke specialist.

Patients were diagnosed with hypertension if they were either currently undergoing treatment with antihypertensive drugs, or if their systolic blood pressure was greater than 140 mmHg or their diastolic blood pressure was greater than 90 mmHg on two separate examinations. Patients were diagnosed with diabetes mellitus if they were currently undergoing treatment with insulin or oral hypoglycemic agents, or if their fasting blood glucose level was greater than 140 mg/dl. A smoking habit was defined as either smoking or nonsmoking. The smoking category was defined as either a current smoker or an ex-smoker who had stopped smoking less than 5 years previously. All others were included in the nonsmoking category. Ischemic heart disease was defined as a history of either angina pectoris or myocardial infarction. A family history of CVD was defined as a history of either cerebral infarction or nontraumatic hemorrhage in a parent, brother, sister, grandparent, uncle, aunt, or first cousin.

Laboratory evaluation included hematocrit, total serum cholesterol, triglycerides, HDL-cholesterol, and LDL-cholesterol levels after at least 8 hours of fasting. Electrocardiography (EKG) was performed and left ventricular hypertrophy (LVH) on EKG was defined as an S wave in V1 plus an R wave in V5 or V6 of at least 3.5 mV. Atrial fibrillation on EKG was defined as an irregularly spaced QRS complex without a discrete P wave.

Univariate analysis was performed by means of either the χ^2^ test or Fisher\'s exact test, which was used when at least one cell had an expected count less than 5, for categorical data. The Mann-Whitney U test was used to compare group means of continuous data. Multiple logistic regression was used to identify independent vascular risk factors for ICAS. Any variable with a p value no greater than 0.2 on univariate analysis was included in the logistic regression model. ICAS was a dependent variable. A *p* value of less than 0.05 was considered significant. Results are expressed as odds ratios (ORs) together with their 95% confidence intervals (CIs).

RESULTS
=======

The ages of the 835 subjects ranged from 29 to 85 years (mean, 53 years), and comprised 639 men (76.5%) and 196 women (23.5%). ICAS was found in 25 subjects (3.0%) and extracranial atherosclerosis was found in 4 subjects (0.48%). No subject had both ICAS and extracranial atherosclerosis lesions.

ICAS was distributed in 31 arteries in 25 subjects: anterior cerebral arteries (5 of 31 arteries with ICAS, 16%), middle cerebral arteries (16 of 31 arteries with ICAS, 52%), posterior cerebral arteries (8 of 31 arteries with ICAS, 26%), and distal internal carotid arteries (2 of 31 arteries with ICAS, 6.5%). The middle cerebral arteries were the most frequently affected vessels followed by the posterior cerebral arteries. The ratio of ICAS that involved the anterior circulation (23 of 31 arteries with ICAS, 74%) to that involving the posterior circulation (8 of 31 arteries with ICAS, 26%) was 3:1. The ratio of ICAS (23 of 27 arteries with atherosclerosis in the anterior circulation, 85%) to extracranial atherosclerosis (4 of 27 arteries with atherosclerosis in the anterior circulation, 15%) was 6:1.

On univariate analysis of the cerebrovascular risk factors, the subjects with ICAS were older than those without atherosclerotic vascular stenosis (57±11 years vs. 53±7.9 years, *p*\<0.05) and had higher levels of LDL-cholesterol (141±30.7 mg/dl vs. 128±32.3 mg/dl, *p*\<0.05) ([Table 1](#T1){ref-type="table"}). Hypertension was found in 16 (64.0%) of 25 subjects with ICAS and in 303 (37.6%) of 806 subjects without atherosclerotic vascular stenosis (*p*\<0.01). Diabetes mellitus, LVH on EKG, smoking, and a family history of CVD were more prevalent in the ICAS group, but the difference was not statistically significant. Mean total cholesterol levels were higher in the ICAS group but were not statistically significant. Hematocrit levels and the sex ratio were similar between the two groups. Mean triglyceride and HDL-cholesterol levels were lower in the ICAS group, but this was not statistically significant.

We performed multiple logistic regression analysis to identify independent vascular risk factors for ICAS ([Table 2](#T2){ref-type="table"}). The entered variables were age, hypertension, LDL-cholesterol, LVH on EKG, and total cholesterol, all of which had p values of no greater than 0.2 on univariate analysis. Multiple logistic regression revealed that an older age (OR=1.05, 95% CI=1.00-1.10, *p*\<0.05) and hypertension (OR=2.40, 95% CI=1.01-5.69, *p*\<0.05) were independent risk factors for ICAS.

DISCUSSION
==========

ICAS was more frequent than extracranial atherosclerosis in this consecutively enrolled series of 835 neurologically asymptomatic Korean subjects, with asymptomatic atherosclerotic stenosis affecting predominantly the intracranial vessels in the anterior circulation (intracranial artery vs. extracranial artery, 6:1). The preponderance of intracranial vascular stenosis demonstrated in our study was consistent with the results of previous studies performed in symptomatic Asian, black, and Hispanic populations.[@B1]-[@B3],[@B6]-[@B8],[@B16]

However, the vascular risk factors associated with ICAS were different between symptomatic and asymptomatic populations. In this study, significant risk factors for ICAS were an older age (OR=1.05, 95% CI=1.00-1.10) and hypertension (OR=2.40, 95% CI=1.01-5.69), which did not show a significant association with ICAS in the stroke population.[@B1]-[@B4],[@B6],[@B16]

We speculate that the different proportions of symptomatic stroke patients between studies could explain the discrepancy in the association of hypertension with ICAS. Even in studies whose study population included some symptomatic stroke patients (24-53%), hypertension was also an independent risk factor for ICAS.[@B5],[@B15] However, this significant association between hypertension and ICAS was not observed in studies performed solely in stroke patients.[@B1],[@B3],[@B4],[@B6],[@B16] In the studies performed in symptomatic stroke patients, the presence of patients with lacunar infarction in the control group could cause hypertension to be underestimated due to selection bias which we avoided in the present study.

Like hypertension, the association between an older age and ICAS was also underestimated in studies performed in stroke populations. Previous studies showed conflicting data on the association between ICAS and age in stroke populations.[@B2]-[@B4],[@B6],[@B14],[@B16] A younger age was significantly associated with ICAS in some stroke population studies,[@B2],[@B6] but this association was not significant in other studies that were also carried out in stroke populations.[@B3],[@B4],[@B14],[@B16] Furthermore, those results were not consistent with the conventional concept that an older age is one of the major risk factors for atherosclerosis.[@B5],[@B19] In studies whose study populations included fewer patients with stroke, an older age was a significant predictor for ICAS.[@B5],[@B15] Our study, which included no symptomatic stroke patients, also showed the same results.

The present study is subject to some limitations. First, the prevalence and associated vascular risk factors could not be directly applied to the general population. The present study was based on subjects who voluntarily underwent a health-screening examination, not on the general population. Therefore, these results are subject to a similar limitation in interpretation as those of previous studies that were performed in symptomatic patients. Second, although MRA is a convenient and noninvasive method for assessing vascular stenosis in asymptomatic subjects, there are technical difficulties in the evaluation of certain arteries, such as the siphon portion of the internal carotid arteries. Third, embolic lesions may resemble vascular stenosis on MRA, although we defined vascular stenosis on MRA as an atherosclerotic lesion. However, we presumed that the possibility of embolism was low since we included only asymptomatic subjects in this study and excluded those with potential cardiac sources of embolism.

In conclusion, ICAS is more prevalent than extracranial atherosclerosis in neurologically asymptomatic Korean subjects. Patients with ICAS are significantly older and have an increased frequency of hypertension compared with those subjects without atherosclerotic stenosis.
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Risk factors for intracranial atherosclerosis (ICAS)
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ICAS, intracranial atherosclerosis; SD, standard deviation; LVH, left ventricular hypertrophy; CVD, cerebrovascular disease
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Independent risk factors for ICAS
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OR, odds ratio; CI, confidence interval; NS, not significant.
